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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device having a 
structure in which a dielectric film and a ferroelectric film are 
crystallized irrespective of the condition of the substratum, and a 
manufacturing method of the semiconductor device. 
SOLUTION: In a semiconductor device having a capacitor using a 
ferroelectric film, the ferroelectric film formed on a semiconductor 
substrate 108 is crystallized by using a flash lamp 107. The 
semiconductor substrate can be previously heated by using a halogen 
lamp. Crystallization is enabled without exerting influence on the 
structure of a lower part of the capacitor. A one-transistor 
semiconductor memory can be obtained wherein the ferroelectric film 
like a PZT film is crystallized on an Si02 insulating film like a gate oxide 
film or silicon by using the flash lamp, in the state that interface reaction 
is restrained. Furthermore, crystallization is enabled only in a part 
irradiated with a light by using a mask when the flash lamp is used. A 
metal mask, a glass mask, etc., which shield a lamp light can be used as 
a mask member. 
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*L ®mffliteb*<D~tib<o®&Xlfcofimmi>1fc)zL 

DRAM(Dynamic Random Access Memory) WiSi^f^ftt' 
*sv >T fi. y * y ^fti* 3 *FT? 4 f&cox t°— KT?«^ft 

hihXZItisl) ^>mtm><b, m\L9^?>\s (Ta 2 
0 5 ) > f-9-y&/<V • (B a, S 

r) (t i o 3 ) ftznfflmm&zthx^z. rne. 

roWN-li, mk~>l)*>b fcfctS LTIS*^ 10-10 

tcov>rii, rn*-e^y =>^{tie<DfflS[{t;Srxtfe-c 

^£#3 nm£kTCDWmbti:or< Z>b his* 
-»HBfcfc «fc 9 y — ^SSSMSSJnLT 5= Lfca* 0 

*i"<'>*m8&*h, •>» =3V^J3g?v\feft§rJI?J$L 
m* J r'<i'*ti:i?<Z>%m&bbtiX^2>* *1J\?y hi» 

hm<D-gm<n**v mstL-c, dr 

AMT'li 1 -feypfefc 0 30 f C£>®ffiffia s &«£ £frT 

[0003] ifi^ % amflSNKStfUffl b7t^#^tt^ 
^•y-Cfc^^M^^^y (£TF, Ferroelectric RA 
M : Ferroelectric Random Access Memory) (D^^ii^rH 
Az-CV^o Ferroelectric RAMI±> DRAMO^rt-" 5 

*W«4:WUf JfcttflSp^y b l^XUmtitiX^ 
^ti-i'JDRAlvafe^cOl 0 On sWTK>##^«5f 

wa^nB-e**, y-e*"K sram£ 

»ftoT«aW«R&S5-T?ifca, <3*##* - BrtBlB«fc6S* 
<, afeBHKfttttt (SBTfti?) , (I rO 

x. RuOx, SrRu0 3 ft£) £rX*-f £ r £ t;i<fc 
9 l 0 12 0«±a^tg-Cfc6. ®A£AAgKfftfbareftg 
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##a*«E*2veai:-r*r.i:^T?#a»-cMs?H* 

[0 00 4] mibcoflJ,«.5rfiJfflLT, xr^yiDlfi 
S-feVir, #it«©Sl/nt^OT=^fflTA 
g, Tvy-^coy v?3.— MJ&m. T—>r—Y¥—J*<n> 
aBffiaSB. TV^lff*Og£JEl, =H*— , FAX, 

ayho-;K ^^ro^^^y-fe-jx K RF-ID 

PC#-K\ 7r^M*!J, ftffttftefflgft^ 

V^„ Ferroelectric RAMfi, ^r-r-'^->-^0|5^i^P Z 
T (P b (Z r x T i i-x ) 0 3 ) , BIT (Bi 4 T 
i 3 0 12 ) , SBT (S r B i 2 Ta 2 0 9 ) fcif<£>3£ 

TV '•So SftDRAMffl^rt^'^Wi: Lt^^iV 
■CV>5»m«fl:BSTtra«-e*)4. r^PjCO*f^tt# 

rtu iSMT-w^^bUftMa, iaafwi n- s i tu^ 

W(C4 0 0~7 0 0tWiaa^^bT'£lli^5. 

nTV^SfcCOT-ii, MO C V D (Metal Organic Chemica 
1 Vapour Deposition) jfe, X'<y 9^ tgl&fe (CS 
D : Chemical Solution Deposition) MOCV 
Di£, X'<y?mttJ$]ffia&K£r). I n-s i tug 
&{tb E x — s i t uftg&rftT'u-txcnWjttfrZo 

[000 5] »Ttt, £ < i-saifmft^i&^^v^w 

^ffiic^#-r^ 0 t^fliW ft«HC*5V vf#ffi o £ ft 
S^eo®#MttS:iftS|?.£i*-S^ mntZmM-nfa^X' 

i^^y^O, ltC*fj££-tt-6 0 DRAM£|S1C 
1T/1C (lh7>^Vl*V^) W«ig^r 
tar S.^T-{iftffl+i^fS]Ji^-&s/ci<) 

iC2T/2C«^t,0^#<Sffl^^^r^^So 3*^® 

50 ©ste^S* (^-r -y^^^m^) ^#v>r £ 0 
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tttt©£ja*ft <fc Z*K — ldC/cm 2 

[0 0 0 6] ©y— 0" 6 A/cm 2 WTT-fc 

RAMiJttSrrat. Ferroelectric RAM"CiJaS» 

$H±, PZT (P b (Z r T x T i !_ x 0 3 ) MR. S 
BT (S r B i 2 Ta 2 0 9 ) 8Mre£>3 a KtOPZ 20 

t wa&iSlflst&atfs 6 0 0 X:m]g.x$>z t , 

%<mwftmmx-2o nc/cm 2 m&xfoz-t. m. 
mm-imm- £ < ftHE-wMBsteas pre* rt. z 

r /T i *§J*H:te «t 9 S B s H -ft;taScOft&{;, ^ W 

7c5*f t If fin.S P b & S r , Ba, Ca, La tt¥<Dyt 

B1M bTC&bWtStlZZ r, Ti^rNb, W, 
Mg, Co, Fe, Ni, Mn7ii:*C05c*T-a^-r-5r 30 

£ as-rare* 9, *ftas*MMiiift, m^mm. mimm 

[0007] fctttPZTIt T^aJi— *\ jg^ 

^(OJCSffl, $ ^fflBttete^ hV-r^fb, EES, 
< <nW&&~tl-£.XKtj: ^tLT*5 "9 , PZTGOWffg: 
* t LTSST-feS r. 1 1>— oroflJ^irV^So P 

tttjW^^ejPZTii, HtfJNcFerroelectric RAM 

&&<Dmiimj£<oigmjE^ mm&m £*vo ^tzPtm. 
swiro^i xmikvummtDwn fc «t £ m&im<v 50 
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[0 0 0 8] — ^#<7>SBTfi. PZTOtof^ 

WCfcS. SBTti, B ilWk^t (Au r i v i 

1 1 i u s Phase) <D— mX 1 8Mm&.(DmMb & 
SSaiAEfl^^'SrSjBffil^n^*^ MfKSl&B i 

2 o 2 JiaH*t»«f*»ifiS:^rb-cv^a. rrofl?5t^j;t) 

±fc*»«WttcttiSia*Ertfc:*>») c 

So SSv-^fcfficj: 9 rtbS-Tf-fe^ 5 s> ^ t Lxvmb' 

W$&tt£ ^ tbTV ^id^ofco b*^ LMO D (Metalorgani 
c Decomposition) ^TiWj^&d^Hgi: & 9 , 
fc*«*(OSBTIias3SB»«±a:*i-, 

teZbtemmiMMztix^z. pzTm<ommi-i. p 

^5, : CO^^TLCO^iSft O^S P b 7E3it<75*?3g 
tt, ttSfcS&StS-Cfca. Pbtt, -So^TJ-Y Nffii^CO 

r-r, sBm nmmi.mxhzB i^<^o-ct> 

SBTIi, PZTttt«5EbT^ffi*JS/h*V 

r it^rtgt?&S„ lifiliSBT?:^^^ 
^:LT*«{t:Lfc7 : ■VW^t3^^^^-CV^^ 0 sbt 

[0 0 0 9] PZTitMODffi, U— {FT^U— ->g 
-f^-yif-AX^y^fe iCVDfe, MOCV 
D}£, I — ■9 ! CVr>mtj:}?X&l$.£tlX^?>iiK Ferroe 
lectric RAMSiSt L"Ctti/^/Hfe, ^y^jfe^ 

uzfxijj hVZTfc*Mi$.'?Z>1tito\z.\-£ms 0 O'Cfii 
±(OiS5iads^-eS>5^, {&a.^7c^c75 p b cD^MJEtfJ 

W50 O'C^i-CiiP bf±l5tAyif»R^ tifife-f 
fflfigWfflI^SI8-e&5 0 ilflffiP b fc-5VM±P b o<n? 
—?y htrSiJ»cffljgb, PIB^*^-;yi? L-Ti^J*cDP 
bSr^&i-5^ifrox^s/j:$nsa^ S»o^t^S 

«{cj*-tc»saw«P x^xms^m- s n t »jc lv \ 

Ic ^ - y h {cifiv P Z TiWSJ|g« WC 

'<iy?n?tl:b*\z.£5mhm££<>X&im j $-is—s\' KSB 
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[0 0 10] ^gBfDWiffl-rs^m^^fi&f s 
/nt^PZ T3SKmteJlll£fflWcFerroelectric R 

t LT 1 5 OnmfWP tiffilrDCv^ hny^^ 

* * x <o wtj8.-tz> a p t temtmb &tm&&# -m 

K^tzft. S^ItLTT i (2 0nm) ^rPtM 
(CJIiE^^^^T-P^t-So TflfcmiiJblcpZT 10 

Wt^S 7^PZT?- y-y MC*tLTl. 0~1. 5 
kW-CX^^s/^STfTPo X/V^^ttArtO. 5~ 
2. 0Pa<OjE^«Sffl-CfiaBSL^.o m5ftffl<DX'<y ? 
ff$KX2 5 0~3 0 0 n mWll^CD P Z T7^7 r ^ 
B®SS#P)^4o P Z T^Bil^ 1 W©7'1^^^5' # 
*jmrrZ>?-'<V?%&T*ft? 0 7*/W7r^»P 
ZTIKiis R T A (Rapid Thermal Anneal) ~7 n-fe^JCt 

()-<a^^^ h^g(cM B a a-ftr-So 6 0 o'cjy.-k^i&a 20 

~aii&V$>Z>tiK RTA©*0tt-vA-/<5?iy h 

»ffi©¥jiHbici*aL-o^. pzt© 

r/T itt^^V'WS-ICjg^^tuSv. ^n^nT 

»t - t?* < , p z Tfl^crHa ffiHti c t &m&R&-r *itm& 

hZ>* ^fcLfcPZTHI;HLT, * ibi-Ji^^ST- 30 
WP tg^DCv^ ho^x^yffcZVmtfi^X 

I E (Reactive Ion Etching) ^B&ffll^T, Ar £3fHt 

3?^ 1 mm^r^-^^n^o rw«t5t- l-tmtsl 

LfcPZTMli, Pbi. iB-1.20 La 0.05 (Zr a4 T 
io.6 ) 0 3 roigSffl^Sr***,, X/^-^^^^y^S 
^jt^£E^x.arilc«tt? P bSSrl 0 %Elt*|c7?i£ 

H-cawtr*. icpbtiadwsits. ^ 40 

Lfel 00-300n mS<OftR«aK6(0 P Z TJglWft;^, 

BroBfliWTCt l^l§3-Ji, R I EB#i'iPXSffi<73m](!i^ 
PZT, PtlgroRIEtli'ftMa?) 

[0011] — yvu^ns&^Mo d ¥<nm&m 

(CSDjfe) T'^SPZT^D-feXTU JKfi- 50 
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■frOEJefflW*?* P b . Ti, Zr^i^PZlSi^ 
^WJ^s(.^*-m^-rS, PbTliftl6l&37KfP^ Z 

y-r h 9 w y •> F*mm-t%i§r&&& < . mm 

xfc7K^>S. EJE"*fllJ (ftttftlfl) > P H, MM. mM 

*&*&wf4«. astfn^, >j-?wm. m&tm 
MODmx-kmmx-frZo Pb, z 

eo=* v-u>-Srffl^-r P z Tc7>MODffl^$rpS{-rs 0 

{c^atL/c^{c2 5 O'Cg^ffii&Ti&^u 

J£LT, 7t;l-7rXtiKiPZTii:^2i. MODS* 

^fW^K»ltRj^6S^:^ < . mi 0 0 nmcnm^ffi&T&tftf- 

^{tii^/^ y * £ imatkiR t A^ftffl-r^*a-^ 
v>„ 75010, 5^jsaeof^a-e^o^*>r h*— 

tt^fetb*. rcD.tp^^fK&SrfflvfcPZTKfii^ 
S#^^^#V\ — MOCVDffiCiOPZT, SB 

V\ IWifi8S:«!l»f-*wi:*sjtLV\ ^^^b 

^Sr«*f"-55n*T*B i , S r , B a t£ i?\-$W$&.<r>fa 

Srt-S^Has&So *7b, <&7cl!lcoy— *<Dm%&mfe 

z^kfrb%mimi&w*wf£tz>~b-i>mM\ urn 

fc, ^D%*Jn^s^tcf4$p>tc:y— xroS«SrL.^< 
TttVltJ&V^^EJt^a^^n-rS. In-si tut 

[0012] 
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mt-<< COP (Capacitor On Plug)ffi5t*5#^^nT 

«o ^ffi^^^r-fc^fM^Lfc;*^:?^ mm 

'*if©raHaJ*>«. r4rS:EB»f5fc»fc» TiAl 
N, T i N, T a S i N#ifW<y TJi<DBj&, I r O 

2 , i r. ruo 2 „ Rut£t~<Dmmm&%&j.briT 

ffia*ff;b;ft/CV>-3<, df^v^cDR I E^y — v 5 20 

R»sa*raHt*-5. 0»*.rf, pzTtsio 2 &mjrk£ 

<fc 9 * SrJg* LTS««B5»-S« b < ^^-BrS ISI 
[0 0 1 3] — Ferroelectric R AM&f £ iCiS5^ 

XKlffigB i 4 T i 3 O lz t£¥<03mmfc&Mf£l,1Zi> 

<omj&m&£lh,X^Z1>K s i t©#ll;^|*M 
ga^>#£*tS r b , «N£ro*flf*<*>* L/S^^bt?# * 

if wasBEaai* 9 ir"®t-^Pfe^#< flpttffi-engi-e* 

tjtfrvlt* PZT^t'wWflJS iO z ±t?^ 

fiftr a r t a*HJ*-c*«. r tuiR t a ft if tf^fifl; 
v\fl*, ^PZTtpcDPbirS i <D 2 t^SJ^-TSwt 

T^&ftL^V^^T'feSo PZT"pCDT i&&mm 
flTr ^-Y^CDFerroelectric RAMf£$tl;:f±S&J&T? 

^mm^m^tzm^^hmmx'h^ z r o 2l h£ 

o 2 , ^(omz r s i o 3 teb°<D-y>j Mgi&y— h- 

LrttfflranRKtt, s i b<n&mcDXffiMfm.m so 
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ttm^xfrz,, c 1. &m.x<Dm&iKxm- £ 9 # 

[00 141^, -/y3yi)i-Aj:©7^7 7 ^ 

n v?s^«ltgi ^-orof->yi«f§ S OC (Syste 
mOn Chip)coM^iS*!>?>nTt/^. ^*!)in-/ y ^ 

aSRfltoh,*. Ferroelectric RAMinv?7?t©It 

^riiAD-t-*X{f5r^-efe-5i s . Ferroelectric RAMffl© 

*^'<\/9tt<ry&<rM-ju j&msmi&-7n±xxy?i 

rir. Ferroelectric R AM^Wcoffi^'^ — i^/oir^ 
(4Tife{-A l^Cu4 if w#Sia^, S v ^fite^m^ 

■fci^iWEt- s r i-e, *^^->^j^aassr 4 0 o'cg 

MWWM«*baJft»**ir^-<^ &ftmrrz> r irfifflilT* 

*ffiit5raSi-Sr irttilLV^ SbtC, Ferroe 
lectric RAMWifflf5PZT, S B T^f^£tt-5 

tS*£*sjtfTU ^n^3>-^5(OIgiai:/<CS->'y ay 
>>i— x^'^^W^y^^if^fflJK-C'fcSo * 

[0 0 15] 

ffl^ty- hffltJ&ft if (75 S i O z «6g^fcSV>l4v'y 
3 ^JilcfliffiSJCSrWiM Ufc^ffi-CP Z Tg|* if ©BOB 

y Sr^-TS r i Sr#mir LT^a. #3§Wf4, 77 7 
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-r**, #7*^*^<04 5&kcDfcSV>J4^ft:g1£ 
i^^^JHfMH* (&AH73, ^*H*|B1, **« 

zm2<7>immk*mmu mzmi<nmm&kmm. 
mmttrnk comm^m^ixtcmmBmmpmi^ 

* tb* ^-^tc^ tiX^Vi: 3 0 n m 

UTX-hZZk&imkLX^Zo ffl£fflfc77?tm 

tz^mt^kn%mz.mk£fri>>pt£< t himor 
s*u rnmT^m&kms^<vrm^i^ttz.fmi-i, 

5 0nmgi« 150nm£HT, $ blc&t. L< (4, 5 
0nm~10 0nmiaTt6l\ lfflflBgdKltttiEtt, 

[ooi6] ^^w^^ewaiii^feji, Hfness 
mtfflRS: 777W7 v-^ffl v vdtaJfc-f-s r. t {c «fc 

"9 feaflrf* XSSr AM LTV ^-3 r fc &*RHS k b"CV"> 

guar r ^mm.wmmm ^ximssmmsm 

5Igir, »7^77^»MW!MJ 50 
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SrJffif t L < B»f«©raiSrJ3V ^TKfi-rS Xf£ i , fU 
gBjfiJt^ * * LT 7 7 3/ 7 V^^mJlBT ^-^7 

ot 5 LT t> ftv \ *^9]©^fl*fi©Sifc&»;t, 

SI*, Zr0 2> H f 0 2 , T a 2 O s , T i O z 7J>5> 
ItSifcW?. ft S </- h iffe^KSr^^r S IS i , 
fifflE*'— h iffei^thf,! f— h^ffi^^-rs Xg i , su 

7trtS:#mi:LTV>So HulEiS7t^^^(c:(4 N §g>t7t 

£>iz.rfk>tiZ> 77y^7 VT'BaWli. TIEcoS; 

(1) , (2) ©*#^oTfT*?ttS«fc5{-UTta 
^« 

ES- (T/l 0) + 5 5 • • • (1) 
I = a • E/t > 1 5 0 0 • - • (2) 
E (J/cm 2 ) 14, Xe77 3/v-3.7>7°»tli7j (=■ 

0. 4, SW^O. 5it 

**>U I (A) {4, 77;y^3.7>'y > *7cS8gffi^ 
t (msec) (4, (y<^^-WMMM(0 

wtmti&m (mt#m) *mt>u t co »4. r 

a (4 7 OT-fcSo 
[0 0 17] 

mw<DmM(Dj&m vat, wm&&mi*x&m<D&m 

roSIJte^JSrtftWi-So - (7)|IJS^lT-f4P Z T^^fflV^c 
Sfi^S^^y (Ferroelectric RAM) &fflV>TlftB^ 

-fs„ hi pzTm*ffimttmk uxismLit** 
s<i/?i>Wf&&tiizi'i)=^*m&m&vwrmm. 02 
(4, mm*%im&mttrzjM7u-mx'$>z <1 

v- D =. ^^EftrStg 1 CO n ^^t/K p *? ^Kdii^n 
•fe^tJ:*) h7Vv?X^Tr 1, Tr2§r^f5ii^CM 
OS«jg^^i-S (©) o 5^(-, CVDffiiCt"? h7 
^ffiiS^r P S G (Phospho-Silicate Glass) , B P 
S G (Born-doped Phospho Silicate Glass) ^COlffl-^ 
<b&S$feSHIg2T?$&f U CMP (Chemical Mechanical 

Polishing) ^ffl^Tassrspffite-rs (©) o -iecoi 

}CCVD&{-4:19, isVa'sWUA (S i N) 3 Sr^J* 
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>-) 1 liogiJr^y^fy (W) ^MSv-y^ 
(®) c rcoSUfe^JT^, -fJjrtBmmts -f^i^r y 

hCVDfetCMPtWfflf^ JWc, !t^m<*CO^ 

«D) « ^yrjfSfcttT i A 1 N (T i/A 1-0. 
9/0, 1 (^e/Uit) ) £fflV>3 0 I^WSOnmT^ 

u&Xs^yfmfcXQj&jfrrZ, (©) Q Rufi. PZT 

mmMt Ltftfflt-5t#ffi«f»ii:Ru02 
^mttswisfcji^^sju pzTofts94«t (#« 
kirn* o s \^tm<D^mmso^\mm &fo±irZo 

Rufi, rw5S««Ru0 2 *^*t5rh g£ 
mtr^^-V<o^7^^y^^S»tj:^k. Pt 

<^«F«3flS*>*o tHWcioTttP t, I r, I r 0 2 t£ 

[0 0 18] jfcfc, /¥£&J5 0nm(ORuS:^LfeS 

ttPblSrl 0W/o§fi^< LfcPZTt7V7^^ 
h£rttffllT3 0 ^h<D»*ttW;, Pbi.io 
L a 0 . 05Z r 0 . 4 T i o. 6 0 3 ^e$)^ Q PZTt7^7 

9 8%coi?5^ 5^^«a*ft:S:fiffl-rao *'*y*«S::i± 

P b (O^g-^S * 9 Bl^ P b itftfcS** 
^C*v\ *->?V h^^iSBlPbfi-tttSrMfirr^fc 
«>l^Px.T&Sc Zr, Ti, LaftifcOTcSStt^— y 

^-ftrr ^ pzTi7 co«ig - am^sr^a-r^fc^ic 

#H»r^/<-/^^b7tPZT^i:, B*Sr*ttlUfc 
A r 9»*LfcPZT^ KgSrfflv^ 
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^PZT^^^hl^Ll. 0—1. 5kWW- y 
^^ff5o ft*mtfi0. 5 — 2. 0 P a ~CA r Sc^Sf £ 

2 0%«AL/t*fK*l 5-3 0M$^ B&2-5 

m&foCDR u±\ZfcA r JfX<D^&{$im LT^fXEEO . 
5 — 2. 0Pa % 1. 0—1. 5 kW£DH^T#j5#f!IJ 
RFv^ hD^A e i/ ^ia^7^U77^PZTi 
10 7<7)fl?^SrfT5o IKWMU 1 0 0— 1 5 0 nm^fc^) 0 
KJBI^tt P Z T]g|Ti:fcft < , IfUS 2 - 5 n m^ScO 
S^Tig, Zrfe NbE Tajg^^fifflLtfc 

[0 0 19] PZTIR^^m^^—^^ h*ffi<7>JR 

»j* £ r u «»ct r^PZ t asjSBS $ tit- 

20 «i©C77 7 ^7^ttffl It P Z Ti7 

fct^Srlmsec ^36^*vKTco««FWttW** 

3 G p z t w B s H ft»i^« 1 wt->y ^ 

3 5 0-4 50^0^ X e 5 ^COjfetH^ 
/W*f— te, 2 5J/cm 2 m rwx^P*- filf 

30 fttESrSWt 5 r fc ^«5^3t^^— 

T*lmsec <O^M. Jifcn^/^— SrfiBltf* C i 
lc±OPZT«7^S3|g^tra o W&ft^&XJRIsWr 

(100)" H^^t^s^v^fw^^nfco mmm 

&<Dmm83kT*l±* 0. S^migJlTWPZTttWR 

[0020] nkK. m^t^titcPzrm7±[c±Mm 

40 lSLt^t^^^ffii£Wt^ (®) o -b«««/** 
— >-tt. M^t#:atRlC0^ffi|C^*tt*:RuJltS:R I 

^S-aH*^f^]Jb^^/c^C3 5 or. S*cF>3 0#co 

2. 5VWi^«i2Pr t 
»30/iC/cm 2 8-Y^ (*5 2 0. 3 2 c 

m) 3^!>xA<0^IfcHS«^«titt)WS: 
50 ^rrSPZTIR-efcSrir^^ofe, ttUItO. 6 
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1r%h, 5 0 m m X 5 0 m(Oli[uffi 

ffi&<^Mto^#<. y— ^m^t>3VHWD^T*l 0" 8 A 
/cm 2 ^--^-ii&VHex-feofCo ^-r^v^c7)Jbg{$ 

"C\ Wl^y^fy (W) feifco^^l OSrffl 

i ««»ttte«i(rt-a 0 Ai^cuft i?<D&msm 1 2 

±i^*LT^«E»l 2»«MW9S:»»t'5o « 

10 0 2 1] Z<D$3fc&i<D£ 5K> 20 

^x^^y v-y ^^Srflfl-i-f a^9^BWtS:BSC 
<D\% P Z TBI 7 h rf^ >f 4 ir vm ' < y TJ1 5 

6tWT*4 ^yrJBiai, TiN, TiAIN, T 
i S i N&WSfllv>&tU TSBftffifctt, Ru N RuO 
2 , I r. I rO s &<WfflV>£>*K V>-f*btB*fc*t 30 

»QHa***tSfc»Ktt, ^yrJiirT^fiffi^fc^rfc 
BBWi. tfc50 nmlKS-C* t) , -bPfifi 1 0 

0nmtl<lil50nm^ffiU\ fc*9J¥<-#-5 

[0 0 2 2] i3X^l 0S:#Itt*2^ 

*«4rl8BW*o r<o**W^tt#JlEISLt|j:PZT» 

c B3lt PZT^ 

nrl, Tr28:fP9 iA^MO Sffifcg&fl^-f 

6 0 r :t^-r^i h^v^^r^^ ^y 
r (y— KW>) 2ifci±a^h (Co) i/y 

1hYK2 2£»/SU wtbSrgS^ffi^^^T 1 ^ (W) 
^7^2 3 taSRS-frSo ^ 2 3 t (OSSBcfiT i 

/T i N^^gflg 2 4 U W:/9 ^2 3 fS^v V 

^7hCVD§:lV>T^^t4 ^^ih7^ 50 
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**k<omtt&m<omwii&BiBSt2 e (2 6 a -2 6 

(Al) fc£f<O^JiEJft2 5 (25 a-25d) 
SiVC^*. r(OAl#ggfi»2 5ti. */ls?fls#^*s 

S^tmSo C u BOH £ 4&ftS$Ht £ ^ffi^fc* 

[0 0 2 3] if, I rT«2 7^X^7^fflCi 
VMtftrZa I rfi, PZT^t^ffliSttttt 
ffltaiffffiSS^tl r0 2 ^ib^6*ffi1«{^Jl^ 

m<mi r0 2 Sr?|0^*r*-i:. PZTi(OSJS(a6 
WJRj&s&So Pt, Ru N Ru0 2 , I r0 2 ^if(OM 

m&mm-tz r t feBfiBt*>5o t»««2 7 1 

fcSSR^tt*W^9^2 3i:conic:B: % ^J^tf, Ti/ 
T i N#t*tfV<yTJ§3 2<Hh££^3 0 Tg&Sffi2 7 
i: LTJ¥£ 10 0 nmcD I i1g&:l&$LL,1tMz*'*y# 
V >T7^7 r^PZTl28?:I coT^m® 2 

Sriafrratdfcfc?). Pbis:io%ss*< ufcpz 

fi, P bi. ioL a 0 . osZ r 0 . 4 T i o. 6 0 3 T&'So P 

^Sffi^e>cop'bco^5S^f¥^^i/^^er: 9. JK^O) 
P b*^tR^CSv\ htpcoiffipjp bli, 

^:^«&««f SfcaMdKlfcTfcSo Zr. Ti. L 

p z Tfl^iffiEStft if -e^^^*^t-nr^ 
/^r^PZTjacoxgpfcv— KJis^EWar. fcjfls-e* 
»*{bra p z TM^ffiit ■ «»4«tsrsk 

Sr*U^Ar^ALfc#H^-C^^^^^UT, 
K*Sr^»P bfc A r ^ (75^^ ^ $ y J; «9 P Z T v- 

fflVSMfre 0 mm. m^co^^^ hSrfflwr. 1 2 
>f^(Ot7^^PZT?- 0 — 
1. 5kW-C^^^^ff 5o ^EEtt. 0. 5-2. 
OPatAr ^S^Sr 2 0%»ALfe^ 15-30 
f>»LT, 2-5nmf^PZT7W7^v / 
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fflLT^JEO. 5—2. OPa> 1. 0—1. 5kW 

ft, 1 0 0-1 5 0nmm ^KliCliPZTi 
-CtitfK. 2-5nmgS(Di^TiE Z rR, Nb 

3tt-ra*:«>^«j i mmv>yuxs<<-y 9 &m ^^<y 9 

[0 0 2 4] ^yrf3 2^LTW7 P 7^2 3 

±ic?£j&£jft,fcl rSS2 7tuT^7r^PZTl2 
8 ^j^g^tbfc 9 * 9 ^ir^m LTPZ 

T^2 8(D^^b^fT5o 77J/5/a?^»t Xe^f 
*£§tALfct>tf>£lm s e c S*a>*fV«T^@#fW 
fc»rtB**St>co-C*>« 0 PZTfflt<^aftS:ilKi** 

(^^114 3 5 0-4 0 O^^oT&^o Xe 
V^(Dtktii^^— fc> 23J/cm 2 ^&3 0 r 

y^^v-^^V^i, 0. 8msec^f|, _hfec^ 
^/waf-^JBIt £*u - *Uc«fc 19 p z TWVmSHtor 

^ y<uyx%s( hfaco (10 0) Sa*<bco#ff»c3Sv^ 30 

R*w*»e>*bfco mm&zmmi^Tti'i. o. 5^ 

PZTfe B 0 l2 8_kfc:-hgj$mffi2 9tW I r^DC 
v^4n ^ y9\Z.&*) ffi& LT^rt^^M^ 
f»t5, 

[00 2 5] ±^m«2 9 tt, KS^B^JK^Snfc I 

3 0»OT^;i^SJSLr^«*»ltS: 40 

SEVODfcx-r y ^(«tt?IHfcii5, 2. 
W^ffii2Pr «S»*X2) t«30/iC/c 
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m 2 £r^U 8^ V^ixy =i>^3i^N(D^ffi(CglgS(D 

^^^m^^lWffii-^ t , ^SffWaWBtt 5 o /i m x 



50 



tea **'<is#±mm&2 9frt><D=>'** ml mm 

*C*^<oEj»3 l(09l#aLS:fT5o 777^7^ 
coAlgfi^ CuffiHU Jgra«6^JR(7>^4fefeMt^««^ 

*Vfc;&>ofc 0 010}^ ^ni\^f^^(D^r^^9 

(PZTKB StTFSPS® (PtB £OT(-iEfi*^ 
ffigHR (S i0 2 ) l:»«*lxfcAlE«tt, 

[0026] 0 4 £r#JH LTg§ 3 0*J£^^|S,W 

-ra. r^ms^Tti, s io 2 y-h^{t^-b{-pz 

TJIfiRSrJK^Lfcl T r ^Ferroelectric RAM^Ift 

(MF I S : Metal-Ferroelectric-Insulater-Semicond 
uctor ) CO»rS0Sr*fo if, 04 (a) l^-TX b 

y-VKWy««32S:tt^ h9^**«:ffD 
iA^MO S«BSSiB^t-5o - hlfeftiR 3 3{C 

fiii^COS i 0 2 £rfflV>S 0 htt<ta»3 3(D_h 

fcr^t/K? 7^pztI34& ifcOjfcftTffi 
fcav^i^^y#&|c:J:9}EStfM"a a iMrcoRTAfcJ; 

a«Brftr?»y- p z Hi areata* usi 

ffl- h777 p ^Lt6»*«ptt^^v^ e 

-e«7 9 y 9 lszf\z. £ £ jgiBrfbSrfT 5 0 V 9m 
t±t)PZTl3 4 S:JK^r«»^»ietTt0^n-fe^Sr 

9 m&mm-tZo ^lt, Pb»io%i« 

LfcPZTt?? 5^^?-^ hSrftffltSo * — 
^2/ h^^c^ Pb L loLao.osZ r 0 . 4 Ti a6 O 

stfcSc PZTt7^ y#9— ?v bnmg[<Dm^h 

mix;<y9m&&*$<7kftf£}?m~zmmz&h& 

#-CS>*fc». 3Slft««9 8%<0^7^2y^j!*BF*S:ffi 

^Jiaeift^fcj:6#^--Ky vh3S5*>a*:*fc, v/y 

=3 4 0 35* CO P b co^fS^S;^ 5/ # ^iS 

m$Pbte*ti&ffimrzizftfcmx.Tibz> Q zr. t 
a j: v \ p z t^^^ i?-e^S5t*»fr 

|C}j:7^7r^PZT)i(D±a:v'- K8*5gf So 

afc»i^ mm&mAL,tz.xs<y9m&mm-tz c mn 

^^r^nLfcA r *P^/ < y9\c£ PZTiX— K»SrJE5 
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[0 0 2 7] *'<y**#tt, h-«KI«8S« 
#60mrru Ulte^co-vi/^y h$rfflV\ 12-f^cD 
±95. vt> PZT?- fy M^CtLl. 0~1. 5kW 
T-X'°s/:? #XJB40. 5~2. OPaT'Ar 

(C^^2 0%^Abfc*#T-l 5~3 0S>P^>^L-C 
«S2~5nm)|:^(DPZTT^77^->- 
ThSo TifiWRuJiia4Ar#*<D*£i^LT#;*JE 
0. 5~2. 0P a> 1. 0~1. 5 kV/<Dmt)X-m 5 

TWm&k'fiO* ^OWmtel 00~1 5 0nmffc 10 
5. KJKc»PZTMrt*l±4:<. B8f2~5nmS 
fl*©*^T iE Z r MU NbE T a tt* ir'^ttffl L 

^'^fcl^C^^^-efTofc. Pb*R0**Si& 

LfctOlrlmsec S**^ir£ATwM^Fffl(CjtSffl: $ 
*SfcWT-fcS 0 PZTBIe&ttiftflsSM^S-fraBfl'nr 

v- y 3 v £ *^Tttk:ffl* L-fc^ oyyyyT'icioS 20 

*gtSa«r3 5 0~4 0 0 , Clc:»oTfe-5. Xe7X/© 
i&ffla^/uaf— (±2 3 J /cm 2 -e$>-5„ rco^A-** 
-(4, WjLfetufcWJWbS^^ftfctWT?****, 

(Oir^x^^S. 7^7"eoJ^fcR^jk:t4KH«£S: 

it -5 - h xim^oyt^*/^— <r>tm&pjjk uo ^ 

^^^-Crfo-So 77^^7^7*11 lmsecfD 

£P-<rt:t ^o^*^ hfflto (100) ®*»e> 

0. 5 ^mSElTWPZTiS^SS i 0 2 
-OOS. 

[00 28] mfk<t£tl1t PZT134 _bf-_tgp 

Wr&3 5-C-&3P tMDCv^ hn^^-y^ict 

14, «K£ffifcJ§fi$;ixfcP tflSISrR I E£/Hv\ A 

Lt#e.tl^„ -fcttmffiiWfcfcl*. Gl 40 

±^*S/cit>(c4 5 01C, &£*<P\ «3 0g.W=-;P 

T* ItWL S 1 fW/ntxt «t 9 A 1 iW^7^t 

fcoPZTSg-CfcSri^^ofco -7*-hgc# 
h^UBS (S i0 2 ) W»2 0nmKTi»v^:t 50 
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-c, 2 o nm&mz.?>m&iz.-rz>&msti:\,\ mz.t£. 

P b t <DBU$]§1fim< teZhWQ&KZ < t£oX?— V 

mim<Ds io 2 &mm&M£ftz> z t (£&s 0 
[0 0 2 9] rw^fr/^-y 14, y— ncSiv>7*7^ 

(04 (b) ) . ilic, y-h{^-Y-7-^c0ft 
■77*mMimfe&nZ> (04 (c) ) . ^coWrit. M 

T&-immMx&>zfrbm4. (b) ^rnxmrntm 
^ i4 (c) <ovmx\±mffi&mit£ u \ 

UfcMF Sfltit, >-y 3 >^^^ts± 

ICS i 0 2 x Ca F 2 > Mg A 1 2 0 4 , C e 0 2 

(Dmm&fri,tz.MF i sffiig, s i o 2 hmim 

±tP t^i*©4JS15:KLt±(^lt(«« 

tSMFM I S^itft flzmmx-g 3 r £ ttW ?>*>t?fe 

So Sit. SSSIitttmt) P Z TtfflPfiJW 

<, SBT, SBTN, B i 4 T i 3 0 12 , STN&if 

*r-f'<-C'a^i-Sr£lc:/«e«. «ffi*mfcPt, I 

R v.RXF£tlt><nmVfo. ^n7^W h«ig^j#o^ 

[0 0 3 0] m57b^M7Rimi l£#H&LT 

m4<Dmmm*t&w-fz> < , zommx-ittprnvt** 

^*«rfflv\ PZT«M£*-r33£KMI:f?M^y SrtS. 
B^-T^o 0 5(4. PZT)SSrttfflLfc5Z«:^R*^^-> 

•>y 3^^^K5 0icii#7*n-fe^{cJ;t3 Y9^i> 
x ^Sr^ t) ii*CMO Sfllig^rf h7>-^^ 
«*Sr«BH-SJ:5K» PSG, BPSG*Jf©««« 
4 l^rCVDICt^ffMU CMP^fflV^T^rco^S^ 
¥ffi^tr-5 0 ^ro±i;cvDffi(c:r^y ^^S-ftflg (s 

1 tn^^ h?LS**LT*5<. 7°7^lt»f4, Ti 

fig(4, y7>-7-yhCVDftJ:CMPi^OTt^ * 

OlztbffygmtpT—— su-fa-txlzis^X, 7*9 
a*^trr5r£SrB5Jhi-*B6<J^P>7*7^4 2co*S(c 
'<VTm4 3&&j£tZ<, ' <] J TMA 3iCf4T i A 1 N 

(Ti/Al=0. 9/0. 1 (-=e/Hfc) ) SrfflV^o 
^<y T@4 3coJi:^(4B&5 0 nmt-fc5, T&pm^TW 

^ffik:/<yrjiSrj^-rs£*tt*<» 7*7^$:y-fe^ 
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>/4 2t^M®^r^^yrji4 3?r^i-^o '<y 

S i 0 2 if&BdgU 8 &WtffctZ>o SHtigl4 8 ^ff^fii: 

itLtfi3 0fCgaT^o If^oT, PZTI 
i~3£:0. 5X0. 5^mWI*^>^-e25f C 

**'*is*&&tftrZ>1t*b\C S i0 2 J6»I«4 8§:R 

SMSBtrJg^rSo R I Efcfflv^a^y^^^fctt 
CF 4 ft^7n D^-jjNV^S:ffifflt5o 
[00 3 1] 3cfc, ^yri43 SrJg^g L'fc JKOEMBK 
*'<y*8fc£9T*tS<B4 5S:^-r-S 0 rco^ N * 

t?*>a o T»«fi4 5tliRuS:ttffltSo Ruli P 

o 2 ^&ftiiliaM[MMMiiu pztw*» 

ft-h-fao Ruft :w«ll*Ru0 2 WRrtW" 

- 1 , pt*i if <Dn&m b \m irw»M 

CMP{c<fc9l!!]fflrt»co^cTffl«ffi4 5Sr«-T 
•HBKRuBISrJiini-rS- PZT/&)»@H- 

aw££KCfc*i£RuTSBSffi4 5^^^^^ 
ftfcRuttT»^»-fbBIS:^ hix^-i LTCMP£;ft, 

[0 0 3 2] TgI$S®4 5 £JjnXL;/L±gM£*/< 

rtliPbMl 0%m&&< UcPZTiT7V7^^ 
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— y*h«:te»f*o ^yK«B«tt, Pb M0 L 
ao.05Zra4Tio.eO3 PZTt7V^^ 

8%^ir^^ix^^ft:Srffiffl-ra o ^^y^l^fctt^ 

Ij^Sx/N' :y*3Mer0jBW>rc>Pb 

?yb -mmm$m& 6 0 mm. EflESfcO^ y V & 

LI. 0—1. 5kW^^i/^Srfif5o 
0. 5—2. 0PatArT*5^RFv^hn> 
*^*£rfT5o Kf(il 0 0-1 5 0 nmT$)^ o P 

20 zTrnzmM^—sfv vmmoyim. mm. 

x^ritALfc^ims e c m&tttiuT<Dfmm 
fcjsa**s*>(o-ea>a 0 pzTB&oissfbSrffiit** 

Id* 9 3 5 0~4 0 0«oTW 0 Xe 

30 ^^(D^t\i^^^±2 3 J /cm 2 T?S>a o ^CO 

LTV^ 0 77 7 7 1msec (7)^1 -bfB 
<D=*/\s*<-T*M*tLs P Z TBBHtaffc-f 

5, /<d^^ hffltZ) (100) S^??^^{c5fiv> 
40 «lfeJ$*-Cfi, 0. 5 txmmXT<DVZT%frtmf&& 

[0 0 3 3] *fc, @6t^J;5^ PZTtS i O 

2 Bti(Z)«ra»» (a) xhmwfmz:$m. 

if(-J;S^^^sa«^tv^^^o/co 06fi, MRS 

Wih^ixSo PZTIKS:i>i^ffi^^?iv>*&tai 
:«t^t^°^EW(«^pz tKcmpc 

50 «t9 8fe*"rSo t.tc, rcoXS (PZTJR<7>CMP«t 



(1 3) 
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±i£-tgP@S4 7f*5RuIJ;DC^ ho>X^ 

Srv-?^— n>-^LT±gBmffi4 7 Stf&SfS CM 
P^rfflV^T^-y^^v-^ gPW^-T J; 5 (- LT <b <£ V \d 5 , 
RI ESrJBvvc, gStf s ^<7>iS-a-^X^T^.>'^>'^ 
SrtfV'IW^'^-vSr^fiRb-C'bftv. rrof&li, P 
Z T)K^jag|Jt?±gB®ffiSr*IX-rSfcit){c P Z T=*-^ 
'<~>?*.ffi£tey?i— v'JiAfcftVN, ±ms«s 
fc«>«»ttu »fi©«^&fi-k2Hi:.5fcii>lc5 0 0<C 

mv<D t *f y v-^tstt-cia^fc 2 p r 

^y ^ > .> ^^<D±mmn&<DftmELk ttmft* t 

oPZT^^^tfCV^SrtiS^ofco satut 
*FH4£rfPffi Lfc„ ^#t£f¥ffifi 50 M mX5 0 MtnW 

mSKffiS-r-s r i~r -ciwb Lfctr5, 1x10 12 -y- 
[0 0 3 41 rwHJfcfclii, 

SIS £ K>re(c-7 * trPsWmtZ) Z.bT*V^; ^(D—Uft 

-rs«^^tfe^-rs^f$:»«05»fBi3T*fe-5o ->y =■ 

3 ^fcHB (S i O z ) (0 7 
(a) ) fcL<tt«tt»3:JB/*U tOJ*7W7r 

(0 7 (b) ) ^T^yu^r^ P ZT^a^f^-tirTBB 

SL (07 (c) ) , r <D&mX'^<D-$Mm<r>£. 5 

PZT^SSj^ft-ftrSo **^<0^gBft£?-CPZTIBI 

ft&m? ±ot£-?**wmm-irz> (07 <b) &m) 

&-rzir8kte if&m*. h*i% a m#iic TTWttam 
■%<Dmytm^x? bwm-r z> ~bx& bxz&A-m&km 

[00 3 5] J&eDffeeDJfcffl £ L.T, 



10 



30 



35 40 
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-efcs, z r o 2 , h f o 2 ^v-y h&B&s4*tt£ 
»fcj:9a*f-ar.ta»riBT*>«. ■*-**>*>, ->y = 

^ft£<^jg<$®l£-L(-Z r S i O3 ft i'tOv-y h 
^H^s S r T i O3 (B a S r ) TiO s ft b'<D^< 
o bMW$W.fc, Zr0 2 , Hf0 2 x Ta 2 0 

5 > t i o 2 ft b'<nimmmtPrfr vmmk 
z&f&u away- htmmi.^?- bmm*Mi$.u 

SrSJ^TffieU Wffimytr*x?&j1-LX7 1 7yi<'=. i 7 

- hffim*WBi&}i,z.&&itfz 0 z-x. zcDnmm 
^^gHSk:*T*^ittt;ft:J8l (pztd a^g 

RH»UTftftYbftHaS:ff5 (011). Hlltt,** 
gB^PZT^i^B^t;^^ -S^/PfPWPZTjgSfiT 

=i ^^-yN-^/ugflco^ s'^v^sfflji-efift < ft 

rcoi 5(^ilS^^ B B H {trs £ s i o 2 ft if 
irgJfoSiitffU ^a^n>^$(DJ!liatftS->y 

^S(cftS„ 
[0 0 3 6] ^Jd, 0 8. 0 9. 01 25:1501 3^r# 

tf, BltH C«ft P Z TSffltSrfflu ^ JS«|«fl£y * y 

s^ro^ B B B ^*f*?:*i-#tt0T-fc5„ mm., ntfi 

*A^¥-ttA (J /cm 2 ) S:*i>u *S B a B ^ 

?»PSG, BPSGfti:*CDiffe^^CVDife(Cj; 
±fcCVD*lc«fc9->y=>'atffc|R (S iN) SrJ^fig 

■^?ro7^T^7i!J7 (y-x/KK>iW £ 
©Mlr^^fy (W) -^sKy ->y ^^ibft^T' 

<. /^^W'fiyy^-y hCVDfeirCMPt 
50 Pt?**t^ IWPtfe DC-7^-hDy^ 
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tt, P tfiWVCttRu, I r. Ru0 2 % I r0 2 *>S 
VMirjft,b<B|fflfflE& SRO. LSCCX YBCO* 

Ru(i PZT*t^fflSffit LT{£ffl-r3t#ffi 
&5#(CRu0 2 A>&ftS*«4iMb*Ji}&^«$iX, P 

fb»w a^±^*o Ruit rco^mttmft^Ruo 

6 Q PbiS:109«a[#< LfcPZTt55y^#- 

[0 0 3 7] h^l^fiPbi. ioL ao.osZ r 

0.4 T i 0 .6 0 3 TfcSo PZTt7V7^^7h 

y h*(««P blK^t«»f «fc*ldinitk 

s^rso #sfi{trspzTiK(o«ifi-ii««f 

^Hr^s^PZT* — ^ Mc»Ll. 0-1. 5 
kWt^v7^^ff5c #:*JEilO. 5 — 2. OPaT* 
A r 2 0 %3tA Ufc*frT 15-3 OfMlJftlR 

LT2-5nml|^PZT7W7^^ KiiS:^ 
fiTT^o TfflOR u±iciiA r WSrffiffl LT#^ 
EEO. 5 — 2. OPa, 1. 0—1. 5 kWc£>S*/-e#J 

0 0 — 1 5 0 n mX$>Z 0 v'— KJitCttP Z T^T^* 
<, 2-5nmS«(Di^TiE ZrR Nbi, T 
a«*ifS:ttfflLrt><t^. PZT«li^^h 

^*}c£9;*£<^{bi-3 0 

[0 0 3 8] /<yr@^LT^^±i-^^ti,fcR 
2 y^3.7>'rS:ttfflLTPZTBI[<7>eft<bSrfT5o ^9 
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a yyyVT'ia ^StSSftS: 3 5 0-4 5 OtiCffio 
T&>6 0 Xe7 V^ttUJ:^*/^— tt 2 5 J / c m 2 

io mmxhZo mi^ztittm&Ytx fagkimmcom 

*JSS-ffc««^*>So S»Y}i x Y = -0. 1X4-5 

^fla«*fl=ii. (i) . (2) ^stts 0 

E^- (T/l 0) +55 • • • (1) 

I = a • E/t > 1 5 0 0 • • • (2) 

ZZXE (J/cm 2 ) tiu Xeyy^^^V^ 

20 (d#bs^v^— m&mm^o. 4. ss«a$o. 5 
mMffim&r^y^mmmk^ximLrithn) 

XfrZ* I (A) tt, 7^%z±mM&XhZ>a r (m 

sec) tt s s</uxm ^<^mmm<o^Mmk& 

m) s irfttts IIMWWt?**. t CO tt. t$/* 

ywM&ftv kzmmttmm&fcztiZa 

[003 9] 9^a5fl^fcKaa«licttS»ttRSrH*t* 
30 a^b^COatH^fiS^^Cat^TfcSo 1 m s e c CDB$ 

ra, ±ie^^/u^— &m$ftirz>^k\^&*) pztks 

SilWbStbSo »&n/d«*Xj|»liI0fKiTfe^iftS:»l 
^fctl^ -<u7>xX^ hmco (10 0) ffi36»fe<0# 

0. 5/imffiEJlTWPZTttWP tT»8ffi±l« 
$tuTv^ Q $t »Wb*ixfcPZTfflLbJc:±»«tt 

i e^v>t^. ttotf^a^^^-e^y^^^srfT 

40 ^ftiA^-yftt§ 0 ±MmMk<D&mt. ffi£k<Dm 
-aH4S:f6]±*^:Sfc*^4 0 0 < C, ffi*^. 3 

#fco 01 3fi, ^Si±(7)TEOSl 

^^^tbfclffil^l 5 0 nmWPZTg^777^7 
>-^T^{bMSL7t^(7)^St/Me e H {b^^ L*V> 

4 SO^JcAD^^tL-CV^^,, rcO^T?«ttj|ftAtt. 7 
^ 5/ v-rz. ^ i 9 jtS: p z TBRcfiHIt Lfc^ ^ L 
50 (Flash), «H4»B»±. ra#0><fc5fc\ 79^ 
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^V^aSrfT^ftV^J (No flash) T*£> 

So r. <o «t 5 id, 4$ AfcftSSK: «t 9 It Aft: * ftfcSHMt 
fls^&^aPZTtfg&SSftao 013it 
*££4 0 0 ^{dMSft L7Ufr&-tf> 77^->a7 ^(DJft 
Mf-£S^3l&^LT^So 5>yf!?Jt$:fTo7t#t4» 
ATfttlfeMs S ftfc P Z £ ft (013 

(a) ) , ^oAnifttoacD^coim^BT-ti^^t;^ 

jXfcPZW/f^tV^V^ (013 (b) ) , 

[0 0 4 0] ^Wfcfflv>sJnH«i«!asgfi?rIft^ 

<nmmwmxihz><. v'Pa^^ 

as«B*ftfcWs^©Ttett«ER5>^/ (^ay^y 

iai, «r«Htft5K*Hf l o 

2, ®>fftftiftf>;*f*£H»A-t- S^^iAa 10 3, 
r«»»P 10 4, 5tSr^Ai-Sfc*<75±Sfpro^^ l 
0 5, m±*^ffi^1r%1t>b<omz ! 7>7i 0 6, 7 

yyi/^ls-fl 0 7^xTV>-5« ttM^i^l 0 6 
(i, 3 kWO^y^ry^n^yyy/T'l 6*, >7 
10 8 (DTK:f9:§£ft, !7^/>. 10 8 ZTfrblmffc 
-T-So — 77y>=.7^10 7lt p|#l£l$ftcD 

>?j^ 1 o 8 *±±^btifficfZ>* P)7>-7°tt, VTftt 
^rft^ft*^wSJ!Il 0 9,11 0ln«SIJlE£ft-CVv6 o 

:/<Bj&tt1§8fc»±. W => >iaoTM^5 J; 5 
J&^ftTVSo _k!E7>:/l 0 6I±, ^<D9^7*-efc 
5'i ri>#j«*JT-(ift < , =7 >y<D^mx->^^/^ > 
Kfc* ffftS— *(6]{c^SB4g^s 2of9:tt kftfc*-* 7° 

k>7 y-fx^wm^^wm-z* z t a*-t?# So 

[004 1] ^il«t4^«??f»Q-PrttO«EV(Dh^7" 

y v-^^icTp^rtirrs, 2. 5 vfnjp^-^ffi* 

2Pr »iX2) «30/*C/cm 2 S:*U 

ortoPZTlfWrtWhfc. 6 V 

SSifiv>fflWS»6ftfc. w«>WI4w«tS^»ttSrffMii 
U «^#t4i¥«i 50 M mX50^ mCOffiW^^-T 

iffiSrolEfbis* < , V — f SoS t3v Rflraii#-c i o ~ 8 a 

/cm 2 ifiV^T-foofco 3cv<i/?±.nn 

So -f *fr*>ifeH«iR i e, iaiSft^ie$ri»^jg-r 
■^^yT-ias iHWfc^n ± * xifw^y if t 

7^t^*ft^ofco 
[0 0 4 2] 
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m v ^ft* ^im-rs *>stfM * y a&irc&v ^ 
r, 777^7V7-?:fflv ^xmm#m&%i&i£t?> 

^fSK-rs r b&XZ So #^B^T-fi^-v^^^^oTife 
gc^cD^w&^-rsrt^igt^So # 

38^14, ^fl2^*if«?Jte^[ 
fc S V Ml -> y => Vi|£i»ftaeKJ:^BSJ«:Sr««!l bfc^ 
ttTP ZT*if<OM||*ft3l!t«:l*fifl2*-fr4 lTr^-f 
7°toy-ey(c$faT-&s. Sfc, y-hMttti 
io figLfcz r o 2 , h f o 2 , ->y ^- hmtet'zmmm 
mm. isattisi±* ifSr a w t L-csft&s-r s r t ax 
£So ms-ciiv-y n^twifets:, 5f£?*Rgit*$)o 

sr.k^-e#So wsftts, wmntm^^>-? 

?Ky ->y a^ifw^^-hfc^-^/^^SrJI? 

^•rscopfliit«-*3v^T, 7'9^^Bs»iwa»d>s«kfta 

ir !feS, - w^air ^. ic <t 19 &/\>tj&/ir9-y( Xi^mt 

20 & 9, ^^y-eywiii^a^^T-^So s^fc, 7 
7 y ^^ffl-rs^c-^^^^-^fiffl-rs r t 

fc«t»)«SJ=:fflS»W*iBffi^bftsWci*ao #18 
[0ffi^S!WitftBJ] 

[01] #^PJco P Z T^^riim^i: bTftffl bfc^r 
^-^^^Jis^^ftfc^y =>^^f*»K(73»f®0o 

30 [02] ^mntmftmm&SiigtzTmyv-Wa 
[04] #^ejro p z Tm&mm l/c^- <o«ig 

(MF I S) coKfr®0o 

[05] #^K»PZT«SrftfflL7tSl(*:fl^^^'> 
[06] #^co3S^im^^*i-S^frS«<D»fffi 

0o 

[0 7] *^Ov7^ Srffl^TattJISflffiSrtt&Wt;: 
40 T*/P7r^ttlfe6»b*WMtr«tt«BS:«ttW-r5iN|c»: 



[08] *&m<omsm{m<D&^k4kfr&7Ftmk 

[09] #^IW 077 7">3.7 >'7 ,, ^11 X-TtM^a^ 



[0io] #«Wroi^{*aas±|cjBRjESftfc*^^^ 

[01 1] #5§^<^7t^^^ffie$ft7t->y ^v'U' 
ac _ y Nro^®0s.utef S0„ 

50 [012] JNM*a6«±fc:jfi&«£ftfcP Z TSi^77 v 
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[013] ^S«l(«^tPZTl^777 

1, 20. 40, so • • '^mfcrnm , 

2, 9. 13 N 2 6 (2 6 a, 26b, 26c, 26 
d, 26e), 30, 41, 48- - • $&BUg|, 3 
• • — >y^^^t^, 4, 10, 2 3, 4 2 

s, 3 2, 4 3 - • -^ym 6 
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4 5 • • • Tg&®&, 7, 28, 34, 46 - • • MR 
SftJBS (PZTD , 8, 2 9, 3 5, 4 7 • • • _Lg& 
fgffi, 1 1, 2 1 - - • y-VKW^M 1 2, 
25 (25a, 25b, 25c, 25d, 25e) , 3 
1 - - • SM, 2 2 - - • nA/Uhi/y f-xf K, 2 
4 • • • T i /T i NCD«gjg£, 3 3 • • • hgtft 
181, 1 0 0 ■ • • 10 2- • • K 

1 0 3 • • • ^^AP, 1 0 4 • • • 
3 P, 105- • 106 • • -»R7V 

• • -f 10 7\ 1 0 7 • • ■ 777^7^ 1 0 8 • • • 

2 7, 10 9, 1 1 0 • • • 
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